The paper investigates the effects of education on earnings distribution of urban workers in the Ghanaian labour market between 1998/99 and 2005/6 by using the fourth and fifth rounds of the Ghana Living Standards Survey. To this end, quantile regression technique is applied to examine returns to education across the earnings spectrum to identify whether some workers benefit more from education with its implication on earnings inequality. Estimated returns to education along the earnings distribution point to a change in the pattern of returns between 1998/9 and 2004/5 along the earnings spectrum. Results indicate earnings inequalities have widened with education across the two periods. Specifically, in 1998/99, earnings inequality reducing trend of education observed has changed overtime. These results are robust when the labour market is disaggregated by sector.
Introduction
Several empirical reviews on returns to education have been undertaken in an attempt to establish a pattern of returns to investment in education. Among them, Psacharopoulos' long but contested 1 history of analysis on returns to education has shown returns to education are highest at the primary level [2] - [7] . In Sub-Saharan Africa (SSA), the latest rate of returns (RORE) estimates indicate primary education still has both the highest social and private rates of return. Private rate of return includes only private benefits and costs while social rate of return differs by the inclusion of direct cost of education to the government as well as benefits in terms of higher taxes and other externalities that accrue to society.
Guidetti and Rehbein [8] ascribe different factors that account for income (earnings) inequality, paramount among them include human capital, skill biased technological change, internationalization of production and la-bour market institutions. Human capital as a source of earnings differentials dates back to neoclassical economists who argue that individuals invest years in education to enjoy higher returns than any other possible financial investment. The individual's income consequently is based on this investment holding the individual's ability and background characteristics such as gender and parental background constant.
In general, studies on returns to education in Ghana point to the reduction in private returns to education particularly at higher levels. Psacharopoulos and Patrinos [7] for instance found a significant drop in private returns to higher education since 1967. This suggests the increase in the number of people graduating at these levels has not been matched with an increase in the availability of waged jobs and/or that there is a decline in the quality of education. 2 Other quantitative estimates for returns to education based on the Mincerian model point to the importance of post-basic levels of schooling. Appleton, Hoddinott and Mackinnon [11] show there is a pattern of higher private returns to education for higher levels of education across SSA 3 . Evidence from research on Ghana confirms the increasing trend of returns to higher education [12] [14] [15] .
In an extensive paper on education, incomes, poverty and inequality in Ghana, Teal [16] estimates returns to education using four waves of data from 1988 to 1999. The study estimates returns to education in wage, agriculture and self-employment to reflect the structure of the Ghanaian economy and demonstrates how availability of data over time can be used to learn about the poverty-reducing potential of education. Other recent empirical evidence on Ghana [17] [18] point to the importance of the distinction between wage employment and selfemployment and the impact of education on earnings.
Ghana has over the years experienced high growth rates averaging 7.2 percent between 2000 and 2013 and hitting its highest of 14.4 percent in 2011. This acceleration in growth moved Ghana to the level of a lower middle income country with poverty reducing by 50 percent as at 2006 [19] . Incomes however have been disproportionately distributed due mainly to the varying levels of growth observed in different sector of the economy with its attendant ramifications on earnings inequality.
The paper adds value to existing literature on earnings and education in Ghana by applying quantile regressions to investigate returns to education across the earnings spectrum in examining whether some workers benefit more from education than others and its implication on inequality. While OLS captures the effect of education and other covariates on mean earnings, quantile regression looks at the determinants at some other points of the earnings distribution. Consequently, the study focuses on quantile treatment effects of education and other covariates on earnings rather than on the average treatment effect. As Buchinsky (1994) indicates, this technique is important due to the differential effects of education on earnings among individuals with implications on income distribution and inequality.
Methodology
Standard OLS techniques concentrate on estimating the mean of the dependent variable subject to values of the independent variables where variables are included as uncentred regressors. As an alternative to OLS, quantile regression is based on the entire sample available and allows the estimation of return to education within different quantiles of the earnings distribution (Buchinsky, 1994). In particular, while OLS captures the effect of education and other covariates on the mean earnings, quantile regression looks at the determinants at some other points of the earnings distribution. The study therefore focuses on quantile treatment effects of education and other covariates on earnings rather than on the average treatment effect which add value to estimation results. Following Buchinsky (1994), this technique is adopted since effects of education on earnings may be different for individuals at different points in the earnings distribution.
The estimation of the model at different quantiles makes it possible to trace the entire conditional distribution of earnings given the set of regressors. Afterwards, comparing the estimated returns across the whole earnings distribution, the study can infer the extent to which education exacerbates or reduces underlying inequalities. Particularly, how the different levels of education affect earnings differently at different points of the conditional distribution of earnings. An additional advantage of employing this estimation method is that the regression coefficient vector is not sensitive to outlying values of the dependent variable, as the quantile regression objec-tive function is a weighted sum of absolute deviations. Provided error terms are homoscedastic, according to Koenker and Bassett (1982) and Rogers (1992) , this method would be adequate to calculate the variance-covariance matrix. Rogers (1992) , shows in the presence of heteroscedastic errors, this method understates the standard errors. The study consequently adopts bootstrapped estimator of standard errors as suggested by Roger to cater for any such under estimated standard errors. This method however requires that, there is adequate dispersion of the independent variables over the earnings distribution to enable identification of coefficients for each quartile. The Ghana living standard survey is satisfactory in this regard.
According to Koenker and Bassett (1978) , quantile regression estimation is by minimising the following equation: 
where y t is the dependent variable, x t is the k by 1 vector of explanatory variables, β is the coefficient vector and 1 is the quantile to be estimated. Following Bushnisky (1994 Bushnisky ( , 1998 , the quantile regression model of the earnings function is specified as follows;
The median regression or least absolute deviation (LAD) is when θ = 0.50. Other quantile regressions are estimated through the weighting of the absolute sum of the errors. In essence, if ln , the deviation is negative and the weight used is 1 θ − . By estimating earnings functions at different quantiles simultaneously, we are able to conduct a hypothesis testing of cross quantiles restrictions.
The estimation strategy adopted in this study is by using quantile regressions (QR) to investigate how earnings vary with levels of schooling at the 25 th (low), 50 th (median) and 75 th (upper) percentiles of the earnings distribution. This is necessitated to shed light on who benefits most from education in Ghana and whether the pattern has changed between 1998/99 and 2005/06. To the extent that which observations close to 75 th percentile can be interpreted to be indicative of higher 'ability' than at the lower percentiles based on the presumption that such observation typically earn more given their characteristics, quantile regressions are informative of the effect of education on earnings across individuals with varying ability.
Data
The study uses the fourth and fifth rounds of the Ghana Living Standards Surveys (GLSS) conducted in 1998/99 and 2005/6 respectively. Both surveys were carried out over a one-year period following a two-stage sampling strategy to arrive at a nationally representative sample. GLSS4 consists of about 26,000 individuals living in 5998 households surveyed between April 1998 and March 1999. In GLSS5, 37,128 individuals living in 8687 households were surveyed between September 2005 and September 2006. The GLSS data is a multidimensional household survey data that collects information on a wide range of household and individual level characteristics with a labour market module which makes is suitable for this study.
The sample in this study consists of urban dwellers in the labour force aged 15 to 64, out of which consist of 3232 individuals in GlSS4 and 5, 643 in GLSS5. To ensure comparability between the two data sets, individuals are categorised by labour market status as formal wage employment in either the public (government jobs) or the private sector, informal non-agricultural self-employment either as an employer with employees or without employees (own account worker), agricultural workers, unpaid domestic/family workers and the unemployed. In GLSS4, these classifications are obtained from elicited response to the question "for whom do you work for", the options are detailed which enables the situation of each individual in an employment category. A similar procedure is adopted in GLSS5 with the same question posed. Unemployment is defined by applying a search criterion from response to the question "have you made any effort within the last twelve months to find work" in both data sets. Table 3 presents the percentage distribution of individuals by labour market status in the two periods. These distinctions in terms of employment status are important since they are indicative of the structure of employment in the economy.
Income from employment generally referred to as employee compensation is based on elicited responses on jobs undertaken in the past twelve months in the surveys. For the purpose of this study, compensation from primary occupation for individuals whose primary occupation for the past twelve months involved working in an enterprise or as an employee of a non-household business are used. Incomes received in cash, in kind and as bonuses are calculated and converted into monthly earnings. Table 1 presents the distribution of the working population across different labour market status for the two periods (1998/9 and 2005/6). Formal employment accounts for a small share of total employment in Ghana across the two periods. Formal wage employment in both public and private sectors accounted for 13.3% in 1998/9 and 15.5% in 2005/6 of employment with the increase due mainly to the rise in employment share in the private sector. Agriculture continues to remain a dominant part of the Ghanaian economy contributing over 50% to total employment in the labour market. This is followed by the informal sector (a combination of nonagricultural self-employed without employees or own account workers and self-employed with employees) which contributed slightly above a quarter to total employment between the two periods. Across the two periods, we observe increases in the contribution of formal private wage employment, self-employment with employees' category and unemployment whiles at the same time formal public sector employment, own account workers, agriculture and unpaid family worker categories decreased in their contribution to the labour force in Ghana.
Decomposition of the labour market by sex across the two periods ( Table 2 ) highlights the marginal contribution of the formal sector towards employment of women in Ghana (3.4% in 1998/99 and 4.3% in 2005/6) and the importance of non-agricultural informal self-employment among women in Ghana. Own account workers constitute the vast majority of self-employment, an indication that most women in Ghana are own account and agricultural workers. More women are also found in unpaid family work and unemployment compared to men particularly in 2005/6. This highlights the differences inherent in labour market status by sex in the country. Although formal employment represents a small segment of total employment, most of these jobs are taken up by men who are less than women in the overall labour force.
The employment pattern in the labour market of Ghana overtime is a reflection of the changing structure of the economy. The expectation with development is that, workers are to be drawn from primary economic activity into secondary and tertiary employment in succession. Since the structural change which is an integral part of economic development involves shift in output from agricultural sector to industry (mostly manufacturing) and ultimately a stage of service dominance, the expectation is that employment will move from agriculture into industry and then services. Informal sector covers a spectrum of economic activities including manufacturing, commerce and construction among others. In Ghana, growing informality is partly explained by the low educational attainment of the population although overall educational attainment has increased over the years. In 2006, about 31 percent of Ghanaians aged 15 years and above had never attended school. More than 50 percent of Ghanaians had attained only basic education and 16.2 percent had attained secondary education or higher [20] [21] . Table 3 presents the distribution of labour market status by years of education and age across the two periods. Overall, average years of schooling increased by about 10.4% between 1998/99 and 2005/6. Across the two periods, public sector workers are observed to be much older and more educated, in addition together with private sector workers, wage employees are on average more educated than all other categories. This is followed by the unemployed and the informal self-employed although it is important to note the entrepreneurial group within the informal sector are on average more educated than the own account workers and have average years of schooling close to formal wage employees particularly in 2005/6. The least category in terms of education is the agricultural worker. In terms of age, with the exception of the public sector, the self-employed with employees (entrepreneurial group) within the informal sector are much older, followed by agricultural workers with the least category being family worker in both periods. Source: Calculations from GLSS4 and GLSS5.
In general, average years of schooling in all labour market statuses increased between the two periods, re-enforcing the overall increase in years of education in Ghana between the two periods. What emerges from Table 3 is the fact that in Ghana although the unemployed are young, they are not the least educated as they possess mean years of education comparable to those in formal wage employment.
Estimates of monthly earnings by employment status across the two survey periods are presented in Table 4 . Overall in 1998/99, average monthly earnings amounted to 13.90 Ghana equivalent to $43.41 (US dollars) Table A1 and Table A2 in Appendix.
Since the mean can be a misleading measure of central tendency due to the skewed nature of earnings distributions, the tables also show median earnings which further confirm patterns found using the mean. Figure 1 and Figure 2 show the distribution of the log of earnings in 1998/99 and 2005/6. The patterns confirm the hierarchical nature of earnings by employment status with formal wage employment at the top and agriculture at the bottom. The figures in both periods have similar patterns; in addition, they indicate the narrow distribution of earnings in wage employment relative to self-employment and agricultural earnings. The earnings distribution for 2005/6 is more compressed relative to that of 1998/99, although the distribution for wage employment is still skewed to the right of the other distributions, this indicates the lessening of earnings differences in the country over time as expected with growth.
The tables and figures discussed above suggest the existence of a hierarchy in occupation with respect to earnings and education, similar to Teal (2001) [16] with formal wage employment at the top followed by selfemployment and agriculture respectively. A suggestion of the important role education plays in occupational attainment in the Ghanaian labour market.
Due to the dominance of urban non-agricultural employment in Ghana, the paper focuses on the urban labour market. Table 5 and Table 6 present a summary of the urban sample for GLSS5 and GLSS4 respectively by age, years of schooling and monthly earnings. Overall, informal self-employment is the dominant sector in urban employment contributing over 50% of urban employment in the country across the two periods. However, within this sector, the self-employed with employees form only a small segment which indicates own account self-employment is the major source of urban employment in the country. The public sector is the least in terms of formal urban employment, between 1998/99 and 2005/6, across the two periods, we observe an increase in private sector share of urban employment.
The estimates indicate the average public sector worker is much older with more years of schooling and higher earnings although less than the entrepreneurial group in the informal sector. The private sector follows with more years of schooling and earnings, while the average informal self-employed (self-employed with employees and own account workers) is older. Overall, this is an indication of the existence of a possible hierarchy in the use of education in Ghana with the public sector at the top and self-employment at the bottom in urban Ghana. In addition, across the two periods, we observe that although the unemployed in the urban labour market are relatively younger, their average years of schooling are above those in self-employment (own account) and close to formal wage workers particularly the private sector. Test of earnings differences in occupations for 2005/6 and 1998/99 are presented in Table A3 and Table A4 in Appendix. The results confirm earnings differences exist in the urban labour market in Ghana with the public sector at the top, although the self-employed with employees on average earn more than those in the public sector, there is no statistical difference between the earnings. In addition, higher earnings in the private sector are not statistically different from those in self-employment mainly due to the entrepreneurial group within this sector. However, since the mean can be a misleading measure of central tendency due to the skewed nature of earnings distribution, the Figure A1 and Figure A2 in Appendix show the distribution of log of earnings for urban non-agricultural employment for the two periods.
Overall, public sector earnings are observed to dominate private and self-employment earnings although there are overlaps in the distributions. As found using the overall sample in Figure 1 and 
Empirical Results
OLS estimation of the Mincerian earnings equation is based on a restrictive assumption that the marginal return to education and other earnings determinants are the same for all individuals. Empirically, economic returns to education can vary among individuals due to unobserved factors such as ability, motivation and ambition in addition to differences in interest rates faced by different individuals based on for example assets/wealth (Card 2001). The heterogeneity of returns to education across individuals has implications on the inequality-reducing role of education. To this end, the study examines heterogeneity in earnings determinants particularly on returns to the different levels of education to determine whether some workers benefit more from education than others and its implications for inequality and educational policy. This contributes to earnings and education literature on Ghana since there is no existing study that investigates returns to education across spectrums of the earnings distribution at the two different time periods (1998/99 and 2005/6) on the Ghanaian labour market.
The literature on pattern of returns to education using quantile regressions suggests returns to education increase with quantiles in developed countries, mixed evidence in middle income countries and in very few developing countries where evidence exist, returns decrease with quantiles. In the case of developed countries, the increase in returns as one goes from the lower to the higher end of the earnings distribution is interpreted as an indication that ability and education are complements with able workers benefiting more from additional investment in education. A negative relationship between ability and returns to education (decreasing returns with earnings quantile) on the other hand suggests substitutability between education and ability. Finally, lack of a distinct pattern indicates in the absence of biases in the estimation, average returns capture the overall profitability of education. Table 7 reports quantile regression estimates at three different quartiles, 25 th , 50 th (median) and 75 th of the earnings distribution for 2005/6 and 1998/9 respectively. Test statistics of equality of education level variables across different points of the conditional earnings distribution in both periods generally indicate a consistent pattern of differential education effect on earnings at different points in the conditional earnings distribution. Results indicate in 1998/99, with the exception of secondary education, premiums to post-secondary and university education relative to primary are highest at the second quartile (median) of the conditional earnings distribution. Similarly, returns to post-secondary and university education are lowest at the top quartile of the earnings distribution whiles secondary education has lowest returns at the bottom quartile. Other earnings differences along the earnings distribution such as sex, sector and location all decrease along the earnings distribution. In 2005/6 however, the results suggest a consistent pattern with higher premiums to all levels of education at the top (75 th percentile) quartile of the earnings distribution. In addition, returns are observed to increase consistently from the bottom to the top quartile. Other earnings differences along the earnings distribution including sex, firm size, sector dummies and residence in Accra decrease along the earnings distribution.
Results from quantile regressions indicate in 1998/99, secondary education inequality increasing but s no distinct pattern is found for post-secondary and university education. In 2005/6 on the other hand, all levels of education relative to primary education are observed to be inequality-increasing since higher returns are associated with the high ability individuals (in the top quartile of the earnings distribution). As noted by Hallock et al. [22] , due to lack of ability measure to control for endogeneity, these results are interpreted with caution because findings of heterogeneous returns may be a reflection of a variable ability based bias. Consequently, these results suggest that in Ghana, particularly in 2005/6, ability and education are complements with able ability type workers benefiting more from additional investment in education.
In order to identify the pattern of returns to education within sectors, quantile regressions are further estimated for public, private and self-employment separately. In 1998/99, the highest returns to all levels of education within the public sector are at the bottom of the earnings distribution similar to post-secondary and university education in the private sector. Within self-employment, the results show lack of a pattern in returns in 1998/99. These results are consistent with earlier findings using the full sample where returns to the various levels of education are observed not to be highest among the high ability types in Ghana during this period.
Within sector quantile regression results for 2005/6 presented in Table 8 confirm findings using the full sample. Across all sectors, the highest returns to all levels of education with the exception of secondary in selfemployment are at the top quartile of the earnings distribution. This is an indication of the earnings inequality increasing role of education and the complementarity that exist between ability and education in Ghana. 
Conclusions
The paper investigated the differential impact of education on earnings of urban workers in Ghana between 1998/9 and 2005/6 by using the fourth and fifth rounds of the Ghana Living Standards Survey. To the end, quantile regression technique was adopted to investigate returns to education across the entire earnings spectrum to examine whether some workers benefit more from education than others with its attendant implication on inequality. As Buchinsky (1994) indicates, this technique is important because the effects of education on earnings may be different for different individuals, which has implications on income distribution that results in inequality.
Overall, estimated returns along the earnings distribution indicate a change in the pattern of returns between the two periods. Earnings inequality reducing trend of education observed in 1998/99 has changed overtime in the Ghanaian labour market. Results for 2005/6 are indicative of inequality increasing with education. These results are robust when the sample is disaggregated by sector, particularly for 2005/6. This is an indication of the earnings inequality increasing role of education and the complementarity between ability and education in Ghana where higher returns accrue to high ability types in 2005/6 and the reverse in 1998/99. In addition, overall earnings in the informal sector are lower compared to the formal sector.
Although the lack of an adequate ability measure in the data may suggest findings of heterogeneous returns are simply a reflection of variable ability bias, conclusions are therefore drawn with caution. Nonetheless, it can be concluded that in Ghana, particularly in 2005/6, ability and education are complements with high ability workers benefiting more from additional investment in education relative to the substitutability relationship between ability and education observed in 1998/99.
The main implication for these findings is that it may signal a weak economic incentive for schooling among low ability types and the majority of the workforce in the informal sector. Specifically, in terms of returns to individuals at the bottom quartile of the earnings distribution, given findings of previous studies that have shown a significant indirect effect of education in promoting entry into lucrative jobs in Ghana, added to the numerous positive externalities of education, these findings are not expected to discourage investment in education by such individuals. Likewise, public policy should target the informal sector where majority of the labour force are employed in the form of assistance by training and financial inclusion to make the sector more productive to increase returns thereafter. 
